Clonal reproduction of lianas is a common but important life history strategy. It is necessary to evaluate the clonal structure of liana species because clonal ability is potentially a major determinants distribution pattern of lianas. Therefore, we developed 10 microsatellite markers for Euonymus fortunei and Schizophragma hydrangeoides respectively from genomic sequences obtained from double-digest restriction site associated DNA (ddRAD). The sequence data of the developed markers were deposited on the public database. The expected heterozygosity (H E ) of E. fortunei and S. hydrangeoides ranged from 0.727 to 0.847 with an average of 0.766, and from 0.734 to 0.924 with an average of 0.812, respectively. All loci were under HWE except for a locus of S. hydrangeoides (sh07). These markers should contribute to the understanding of the life history of temperate liana species. Keywords: liana, Celastraceae, Hydrangeaceae, microsatellite, simple sequence repeat, ddRAD. Isolation and characterization of microsatellite markers from the RAD sequence of two temperate liana species: Euonymus fortunei (Celastraceae) and Schizophragma hydrangeoides (Hydrangeaceae)
Introduction
Lianas are woody vines that require host trees to climb up to the forest canopy. Clonal reproduction of lianas is a common but important life history strategy. Unlike most tree species, liana species often reproduce through clonal stems (i.e. stolons) on the forest floor (Putz, 1984) . The clonal ability enables lianas to effectively colonize suitable environments (e.g., canopy gaps; Ledo and Schnitzer, 2014) , wait in the understory for the canopy to open (the "sit and wait" strategy; Greenberg et al., 2001) , expand their distribution horizontally over long distances (Yorke et al., 2013) and search for host trees to climb (Kato et al., 2011) . Thus, clonal reproduction is thought to be one of the major determinants in the distribution pattern of liana species. Genetic tools are useful for evaluating the contribution of clonal reproduction to the distribution of lianas because clonally reproduced stems below the ground and/or their connection with each other in the past is often difficult to detect using observational methods. However, few studies have demonstrated the use of genetic tools on liana distribution for the evaluation of clonal structure. Furthermore, comparison of the clonal structure of co-occurring liana species is necessary for the general understanding of the distribution and life history strategies of liana species. In the present study, we developed 10 microsatellite markers for two co-occurring liana species, namely Euonymus fortunei and Schizophragma hydrangeoides, from genomic sequences of double-digest restriction site associated DNA (ddRAD; Peterson et al., 2012) . These markers would help clarify the population genetic structure of E. fortunei and S. hydrangeoides, and more importantly, would contribute to the understanding of their life history strategies.
Methods
Sequence data and primer design Two individuals each of both E. fortunei and S. hydrangeoides were used to construct a sequencing library. Genomic DNA was extracted from leaf samples with DNeasy Plant Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's protocol. Double-digest restriction site associated DNA was generated according to the methods described by Peterson et al. (2012) with EcoRI and MseI as restriction sites and was sequenced as 2 × 300 bp paired-end reads on MiSeq (Illumina, San Diego, CA, USA). Overlapping paired-end sequencing reads were combined with bbMerge (http://jgi.doe.gov/dataand-tools/bbtools/) and were processed with dDocent pipeline (Puritz et al., 2014) to construct the reference sequences. All the reference sequences were used for the CMIB (CD-HIT-EST, MISA, ipcress and BlastCLUST) pipeline (Ueno et al. 2012) to design primers with the number of repeat units ≥6, 5, 4, 3, and 3 for di-, tri-, tetra-, penta-, and hexa-simple sequence repeats (SSRs), respectively. Primer pairs were BLASTed against the NCBI nr database with an e-value of 1e-3. We selected 150 primer pairs for SSRs with the number of repeat units ≥10 and based on the BLAST hits. Forward primers with tail sequences (Blacket et al. 2012 ) and reverse primers with 'pig-tail' (Brownstein et al. 1996) were synthesized by Hokkaido System Science Co., Ltd. (Hokkaido, Japan).
Sampling, PCR, and fragment analysis
Leaf samples were taken from 30 and 29 individuals of E. fortunei and S. hydrangeoides, respectively, which were collected along the roadside and stream near Ogawa Forest Reserve (OFR) located in the north of Ibaraki Prefecture, Japan. All the samples were collected from locations that were at least 50-m apart to avoid collecting clonally reproduced stems.
DNA was extracted from leaf samples (10 mg) using extraction buffers from DNeasy kit (QIAGEN, Hilden, Germany). We started the initial polymerase chain reaction (PCR) for the two individuals of E. fortunei and S. hydrangeoides in a 10-μL reaction mixture containing primer mix, 1 X Multiplex PCR master mix (QIAGEN, Hilden, Germany), and 5-10 ng of template DNA. The primer mix contained both the forward and reverse primers and one of the fluorescently-labeled TAIL primers (Blacket et al. 2012) . PCR was performed using the following thermal profiles: 15 min at 95°C, followed by 35 cycles of 30 s at 94°C, 90 s at 60°C, 60 s at 72°C, and a final extension step at 60°C for 30 min. The PCR products were analyzed using a 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) with GeneScan 600 LIZ size standard (ThermoFisher Scientific, Waltham, MA, USA). Electropherograms from each marker were checked with caution for patterns of peaks using Geneious R9 (Kearse et al., 2012) . For the rest of the samples, PCR amplification and genotyping were performed as described above.
Characterization of SSR markers
For each locus, the following genetic diversity indices were calculated using GenAlEx version 6.5 (Peakall and Smouse, 2012) : the number of alleles (Na), the effective number of alleles (Ne), observed heterozygosity (H O ) and expected heterozygosity (H E ).
Results and Discussion
Amplified products were successfully obtained from E. fortunei using 10 primers in the multiplex PCR, and these products exhibited polymorphism (Table 1 ). The Na for the 10 polymorphic loci ranged from four to 11, with an average of eight. The H O and H E ranged from 0.567 to 0.900, with an average of 0.766, and from 0.727 to 0.847, with an average of 0.766, respectively. There was no significant linkage disequilibrium (P > 0.05) for all the locus pairs after Bonferroni correction using FSTAT 2.9.3 (Goudet, 1995) . No significant deviations from Hardy-Weinberg equilibrium (HWE; P > 0.05) were detected for any of the loci. The sequences data of the developed markers were deposited in DNA Data Bank of Japan (DDBJ) with accessions numbers LC312174 to LC312193. Similar results were obtained for S. hydrangeoides, where amplified products were successfully obtained using ten primers in the multiplex PCR, and these products exhibited polymorphisms ( Table 2 ). The Na for the 10 polymorphic loci ranged from seven to 19, with an average of 10.2. The H O ranged from 0.586 to 0.897, with an average of 0.738, and the H E ranged from 0.734 to 0.924, with an average of 0.812. There was no significant linkage disequilibrium (P > 0.05) for any of the locus pairs after Bonferroni correction using FSTAT 2.9.3 (Goudet, 1995). Significant deviations from HWE (P < 0.05) were detected for a locus sh07. The sequences data of the developed markers were deposited in DDBJ with accessions numbers LC312154 to LC312173. The microsatellite markers described here will contribute to the evaluation and comparison of genetic structure and genetic diversity within and among the populations of E. fortunei and S. hydrangeoides. These findings would aid in the understanding of the life history strategies of temperate liana species. 
